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ABSTRACT

The period under study may be divided into three parts:
(1) the 28 January event which persisted until 1 February, (2) a
disturbed period from 1 February through 7 Fébruary; and (3) the
13 Februafy evgnt. The 28 January event was one of the iarger

events ever observed which had no visible source flare on the sun.

‘Mariner IV, at the time of the 28 January flare, was located 82°

west of the earth-sun line. The available data from Mariner IV
indicates that ﬁhere was a flux of protons with Ep‘> 50 MeV and
a highly anisotropic flux of electrons with Ee > L0 keV present
from 1642 to 2010 UT on 28 January. Explorer 33 at the earth
observed no electrons and the observed flux of electrons was

~ 30% less than that observed by Mariner IV. Comparing this
with areas of the sun that exhibited strong activity préceding
or following this event, it was determined that the most progable
position of the flare was 71° behind the east limb of the sun.
During the disturbed period, the intensity-time profiles of

the particle detectors were found to be very complex. Within
this period, two distinct events occur¥ed-which were interpreted
to consist of particles semi-trapped in an interplanetary mag-

netic field structure. The first at 1909 UT on 2 February was
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found to consist of protons with EP > 10 MeV. The second at 1542
UT on 4 February consisted of elecﬁrons with E > 45 keV. The
onset of the 13 February event was observed at 1841 UT. This event
was caused by an importance 3 flare occurring.at 1749 UT. Most of
the first portion of the event was obscured by a magnetbsPheric
passage of Explorer 33. From 2342 UT on 15 February to 0848 UT on
16 February, the region of the interplanetary medium magnetically
connected to the flare position was swept past the earth. From
0000 UT to O500-UT on 16 February, a relative decrease in the
number of alpha'particles compared to the number of protons was
noted. The ratio of the number of protons to alpha particles with
energy per nucleon between Of5 and 4.0 MEV/nucleon before, during,
and after this period were 60 , 165; and 70, respectively. This

is the first reported observation of such a variation.
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I. APPARATUS

A. Explorer 33

Explorer 33 was launched on 1 July 1966 into a highly elip-
tical orbit with a period of approximately 12 days. The orbit for
the period under study is shown in Figure 1.

The satellité is "spin-stabilized" about an inertial direc-

tion with right assention 225° and declination - 21°, in celestial

coordinates. The projection of this axis on the ecliptic plane is
1 shown in Figure 1. The spin rate is approximately 26 rpm.
The University of Iowa experiment consists of four detectors:
g (1) Gl; an EON 6213 Geiger-Mueller tube with a 1.7 mg/c:m2
window, |
- ; (2) G2; an EON 6213 Geiger-Mueller tube with a l.3.mg/cm2
window,
(3) G3; an EON 6213 Geiger-Mueller tube with a 1.3 m;g/cm2
window,
() p1, 2, 3, b; a 26.5 micron thick, ,totaliy depleted,
i ‘ silicon surface barrier dgtector with a surface area of
2

of 10.4 mm™.

The arrangement, energy thresholds, and other characteristics of

these detectors are given in Table I.
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The outputs of P1 and Gl (both perpendicular to the spin
axis) are divided into four sectors with sector III centered on
the sun. Thus, sectors I and III look in the antisolar and solar
directions, respectively, and II and IV lookﬂat the ecliptic
south and north, respectively. |

Since Gl is sensitive to x-rays in the range ~ 2 to 12 Zg
it is necessary to combine the four sectors of the detector in

such a way that x-rays and particles are recorded separately.

These two quantities are G1X and GlAV, where

GlX = Gi(III) - % [GL(T) + 61(IT) + c1(IV)]
and.

GlAV = % [61(T) + ¢1(zI) + Gg1(IV)] ™

Thus, for an isotropic particle flux and x-rays in sector III, GIX
is the x-ray flux counted by Gl and GlAV is the spin-averaged par-
ticle flux. In the case of a strongly anisotropic particle distri-
bution, the interpretation of GlX and GlAV is no longer clear.
Since sector IIT is the sun centered sector, it is seen that for

a particle distribution peaked within sector IIT, G1X will count



both i-rays and particles and GlAV will be lower than the true
omnidirectional particle flux. An example of the latter was
noted on 15 February. The Geiger tubes have side wall shielding
sufficient to stop protons with Ep ~ 60 MeV.

The output pulses of the solid state aetector are amplified
and clipped to'2OO nanoseconds. This short clipping tiﬁé minimizes
the possibility that two or’more near-simultaneous pulses, which
are individually below the threshold of the detector, will com-
bine to produce one pulse sufficient to trigger the detector.

Four pulse height discriminators are set to give the four pass-
bands P1, P2, P3, and P4. The energy bands of these channels are
given in Table I. Pk is set well above the maximum energy loss
for protons entering through the collimator, and respond; only
to particles more massive than deuterons (which for this paper
will be assumed to be alpha particles) if such particles are
incident on the detector through the collimator. However, PL
can count protons which have sufficient energy (Ep = 60 MeV) to
penetrate the side wall shielding. The efficiency of the detec-
tor for penetrating protons is less than 0.1% [Krimigis and Van
AMlen, 1967]. The exact value of the-efficiency depends strongly
on the exact characteristics of the detector. The solid state

. _ a2t o
detector is equipped with a small 95 source of alpha particles

to provide assurance of its proper operation in flight.



The combination of detectors on Explorer 33 gives some
information about electrons with energy Ee z 45 keV, but cannot
separétely identify them from protons with energy Ep > lOkMéV
without additional informstion. The sampling rate for Pl sec-
tors, Gl sectors, and Pl spin average is onc; every 81.81
seconds. Gl spin average, G2, G3, P2, P3, and Ph are s;mpled

every 163.6 seconds.

B. Mariner IV

The Mariner IV spacecraft was launched on 28 November 1964
into an orbit ﬁhich brought it to the vicinity of Mars on‘lS July
1965. A section of the Mariner IV orbit pertinent to this study
is shown in Figure 2. The University of Iowa package of particle
detectors consists of three end window Gelger-Mueller tubes (EoN
type 6213) designated A, B, and C and a thin (35 micron) surface
barrier solid state detector with two passbands, Dy and Dy. -
Table II gives the characteristics of each of the detectors.

Each detector has a conical collimator of 60° full angle. The
axes of detectors B, C, and D are pointing in the sunward
direction at 70° to the spacecraft's roll axis. The axis of
detector A makes an angle of 135° with the roll axis looking in

the anti-solar hemisphere. The roll axis is maintained to



better than 1° on the sun. Thus, B, C, and D look at particles
moving generally away from the sun at angles of T0° + 30° to the
sun-spacecraft line. Similarly, A looks at sunward moving par-.
ticles at angles of 135° & 30° to the sun-spacecraft line. The
detectors themselves and the immer walls of the collimators are
shielded from direct light and x-rays from the sun. The side
walls of all detectors have a minimum thickness corresponding
to the path length of a ~ 50 MeV proton.

The output of the solid state detector is amplified and
clipped to 200 nanoseconds. Two discriminator levels give two

proton passbands (Table II). D, and D, are insensitive to elec-

2
trons of any energy. To have direct knowledge of the proper
Amehl
operation of this detector in flight, a small 95 alpha

particle source is included to give fixed background counting
rates, which have remained identical to thelr pre-flight vaiugs
of 0.071 and 0.059 counts/sec. for D, and D,, respectively
[Van Allen and Krimigis, 1965].

The Gelger tubes are sensitive to galactic cosmic rays
(0.6 c/s), electrons, x-rays, alpha pa;ticles, etc. which enter

through their collimator and sometimes through their side wall

shielding.



The times given for all Mariner IV data herein have been

-corrected for the propagation time of the signal and are the

times that the signals were transmitted. Each detector is sam-
pled once every 6 minutes L3 seconds, except detector B, which

is sampled twice in that time interval.



IT.  OBSERVATIONS

A. Introduction

A summary of the particle observations of Explorer 33 is

given in Figure 3. Some selected solar-g@ophysical data are also
included. The crosshatched periods on this and followlng figures
represent the magnetospheric passages of Explorer 33 from shock
to shock as seen in Figure 1. These periods are the maximum
limits of magnetospheric effects assuming a steady-state magneto-
“““ spheric configuration. As seen from the figure, during the period
under study, two major events took place, the first beginning on

28 January and the second beginning on 15 February with a dis-

turbed period from 1 February to 7 February.

B. The Event of 28 January

As seen by the three Geiger tubes (GlAV, G2, and G3),  shown

in Figure 4, there were two distinct onsets to this event. Figure 5

shows these two onsets with full available detail (i.e., a resolu-
i tion of 81.81 seconds) for GlAV. As seen, the first onset of

GLAV is at 0215 UT, after which the counting rate rose to a maxi-

mum of 8.6 counts/sec. at 0422 UT. The second onset occurred at

0833 UT after which the counting rate rose to a maximum of 698




counts/sec. at 2143 UT. After reaching their maximum intensities,
the counting rates of the Geiger tubes decay in an exponential
manner with a characteristic time of 1.42 days.

Pl and the other solid state channels all have a very
gradual, single increase starting at 0545 UTni 1 hr. The counting
rates then rise to two relative maxima as seen in Figuré 6.

The first maximum of Pl was at 2214 UT with an intensity of 1k2
counts/sec. The second maximum of 183 counts/sec. occurred at
1142 UT on 29 January. After the second maximum, the intensity
decays with a characteristic time of 1.kk days. By comparison
of the four sectors of Pl, as shown in Figure 7, one can get

some information about the anisotropics of the low energy protons
in a plane perpendicular to the ecliptic. For most of the period
28 January through 31 January, the low energy proton flux was
isotropi§ with only a slight;y higher counting rate in the sun-
wards direction indicating a bulk motion of the particles aw;y
from the sun (see Figure T). The one exception to this is the
period from about 0000 to 0800 UT which is shown in Figure 8.

The polar cap absorption (PCA) observed by the Douglas
30 mc. riometer at McMurdo, Antartica-is shown in Figure 9 with
GlAV for comparison. The onset of the PCA is at about 0LOO UT

28 January. The absorption then remains at a fairly constant



plateau of 0.5 db from O4L5 to 0800 UT, at which time a small

decrease occurs. This decrease in absorption may represent an

" increase in 30 me. radio noise from the sun rather than a de-

crease in the absorption. At 0820 UT a sharp increase occurs
and by 1700 UT the absorption has risen to 7”db [Masley and
Goedeke, 1967]7 .

‘ As shdwn in Figuﬁerlb, the neutron monitors recofded a-

large increase in intensity on 28 January. The five minute

averages of the Deep River neutron monitor for this event are
given in Figure 11. As seen in this figure, the onset time was
J between 0830 and 0835 UT, 28 January.
] Figure 2 shows that on 28 January Mariner IV was at a

! ‘ . -

position 82° west of the earth-sun line, and at a distance of

‘Z 23.85 % 107 km from the sun. Data from the spacecraft are
x ' available only for the period 1642 to 2010 UT, 28 January. In
Figure 12, these daba are presented along with some simultan;ous
z data from Explorer 33 for comparison. The Geiger tubes on

| Mariner IV all indicate a very high flux of particles (the
n largest such flux observed by the spacecraft up to that date).

Note that the average counting rate of detector B (1.611 counts/

sec.) is about a factor of two greater than the counting rate

of the other two Geiger tubes, A and C (895 and 820 counts/sec.,

respectively) .



C. The Disturbed Period
(from 1 February to 7 February)

At approximately 0000 UT on 1 February all detectors on
Explorer 33 show a change in the form of their intensity-time
profiles from the exponential decay observed“previous to that
time. From 1 February through 7 February, the solid sta;te
detector ezdliﬁits a very complex structure in its intensity—‘
time profiles which has very little correlation with that of
the Gelger tubes, as seen in Figure 3. The only readily iden-
tifiable feature common to the intensity-time profiles of P3
and GlAV is the peak at 1650 UT on T February. The onset times
for the increase to this peak are 1340 UT and 1410 UT for GLAV
and P>, respectively. G2 and G3 show onsets which are simul-

taneous with GlAV. The maximum flux measured by GlAV and P3

around 1650 UT are 1814 and 1725 (cm2 ST. sec.)~l, respectively.

While there is only one simultaneous onset and maximu;n
noted between GlAV and P3, there are four -distinct near-
simultaneous deci'eases (actually five, if one counts the de-
crease from the maximum at 1650 UT, 7 Februa:r,}i) . These are
listed in order in Table IIT. The gra:dua.l decrease at about
0000 UT, 1 February is perhaps another such decrease, although

not as abrupt.

10



During this period from 1 February to 7 February, the dis-
turbed interplanetary conditions are also noted in the neutron

monitor readings. Figure 10 shows that there is an enhanced

daily varistion from 1 February to 7 February. At the same

time that the particle detectors indicabe that the region has

been left behind (or has ceased being disturbed), the variations
ai 'étop and the neutron monitor readings decend to a minimum. As
the neutron monitors recover towards their pre-28 January
"; readings, the particle detectors drop towards their background

levels.

*

D. The Geiger Tube Increase of 2-3 Fébruary

At 1909 UT, 2 February a gradual increase was noted on
GlAV of Explorer 33. At 0246 UT, 3 February an x-ray flare
(evidently ca%iid by the importance 2- flare at 11°N, 58°W, which
is listed as starting at 0257 UT) occurred which caused "spill-

over" and/or a breakdown of the Gl Geiger tube. "Spill-over"

is caused by the refléction of x~rays off of the collimator so
that they are seen in sectors II and IV. Also, at times of
~high counting rates (such as x-ray flares), Gl will give
spurious counts caused by a momentary breakdown of the

tube. Since it is evident that GlAV has spurious counts




induced during a portion of this event, G2 will be usea as the
principal detector.

After the onset at 1909 UT, the maximum flux observed by
G2 was 172 (cm2 ST. sec.)-l at 2350 UT (Figu;e 13). During this
period, P53 showed no sign of increasing in step with G2. Indeed
P2 continued a very gradual decrease which started some two or
three hours earlier. At 1001 UT, 3 February a sharp decrease
(as previously mentioned) of about a factor of two in a period
of six minutes was noted on P2 and the other three solid statg
chennels. It was also observed on the three Geiger tubes, but
with a smaller jump.

In Figure 9, it is seen that at about 2100 UT on 2 February
there was the start of a PCA event. This event reached a plateau
of 2.5 db at about 0100 UT on 3 February. After 0800 UT, the
intensity begins to decay. The sharp dip in the PCA at ~ OBQO
UT could be due to radio noise from the flare at 0246 UT prev-
iously mentioned. It should be noted that the shape of the
absorption curve is well correlated with the intensity-time
pfofile of G2 presented in Figure 15._

The only large flare of impbrtance'greater than 1+ that
occurred in the four days previous to this event was an importance

2+ flare at 0204 UT on 31 January. The position of this flare

12
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. was 28°N, 90°E. In the day preceding the event, only sub-flares

of importance 1- were observed. From 1200 to 1510 UT on 2 Feb-
ruary, there were several periods of no flare patrol listed in

the ESSA, Solar Geophysical Data bulletin of August 1967.

E. The Geiger Tube Increase of L4-5 February

At 1542 UT on L February, the Geiger tubes on Explorer 33
record an increase in counting rate. This onset for GlAV, G1X,
and P3 is presented in full detail in Figure 14. It is noted

that at the onset of GLAV, P3 is at the minimum intensity of a

dip that began at 1510 UT. The pre-onset counting rate of GlAV

was about 28.2 counts/sec. and immediately following it was

T4.3 counts/sec. The pre-onset rate for P3 was 16.5 counts/sec.
and following the dip it was 12.4 counts/sec. The entire event

is presented in Figure 15. GlAV has not been shown after 0300 UT
on 5 Febfuary because just after that time the Geiger tube broke
down for a short while, making its observations of questionable
validity for several ﬁours following. The breakdown was possibly
due to the high counting rates encountered from an x-ray event
starting at 0012 UT on 5 February. It is also seen from Figure 15
that at 0351 UT on 5 February a near-simultaneous decrease was

recorded on both G2 and P3.



F. The 13 February Event

At 1749 UT, 13 February an importance 3 flare occurred at
21°N, 10°W. The optical flare lasted 221 minutes with the max-
imum phase occurring at 1817 UT. Between 1759 and 1803, a large
group of type III radio bursts were reported by the Harvard
Redio Astronomy Station at Fort Davis, Texas from 10 to 300 mc.
Continuum emissions (14 to 41 me) was also noted from 1801 to
1829 UT. Explorer 33 registered an x-ray event beginning at
1754 UT (Figure 16). GlAV shows the particle onset at about

1841 UT. The counting rate rose to a maximum of 6.5 counts/sec.

at 2117 UT, 13 February. At about O4LO UT, 14 February, the

event was obscured as the satellite entered the magnetosphere.
After leaving the magnetosphere, Explorer 35 found a strong flux
of eanisotropic protons. The anisotropy parameters for this per-

iod are presented in Figure 17.

G. The Counting Rate Increase of 15-16 February

As shown in Fiéure 3, all detectors show an increase in
parﬁicle intensity at 2342 UT on 15 February (Figure 18). At
0848 UT on 16 February there is a sharp decrease in intensity.
Simultaneous with the beginning and end of this period of ele-

vated counting rates are two sudden commencements at 2347 UT

1k
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on 15 February and 0835 on 16 February, respectively. Also, at
about the beginning of this event at approximately 0000 UT on
16 February, a Forbush decrease begins as seen in Figure 10.

From 13 February to 24 February, the intensity-time profile
of the alpha particle channel, presented in Figure 6, is very
similar to the profilesAof the proton channels. In Figure 19,
the ratio of channels P2 to P4 is relatively constant and shows
this similarity clearly. The one period when this similarity
did not hold was during the 16 February increase discussed above.
In Figure 20, P2, P4, the ratio of P2 to P4, and the anisotropy
parameters for this peiiod are presented in greater detail.

After 0846 UT, 16 February, all detectors show a dimin—
ishing particle intensity. By 21 February, GIAV has essentially

returned to its background level.
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ITI. RESULTS

A. Onset of 28 January Event

16

As shown in Figures 10 and 11, very high energy solar protons

were present from 0830 UT, 28 January to abaﬁt 0800 UT, 29 January
in sufficient numbers to be detected by neutron monitors. These
protons are definitely energetic enough to penetrate the shield-
ing of the detectors on Explorer 33. Thus, it can be stated with
confidence that the onset and first peak observed by the solid
state detector on all of its channels (see Figure 6) was due to
protons penetrabing the detector shield. Similarly, the increase
noted by the Geiger tubes at‘0833 UT can be attributed to these
penetrating protons. The particles responsible for the increase
observed by the Geiger tubes at 0215 UT cannot be so readily
identified. Since Pl showed no increase until about 0545 UT,

one can say that the particles in this onset seen by GlAV we;e
not low energy protons. This leaves one with two possible
interpretations; that the particles were either protons with

E% > 10 MeV or electrons with Ee > 50 keV. The fact that the
solid state detector does not show an appreciable counting rate
during this period, does not rule out the presence of penetrating
(Ep > 60 MeV) protons since the efficiency of the detector in

counting such protons is very low.
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| The observed polar cap absorption from about O4OO UT to
0800 UT, as seen in Figure 9, could be caused by high energy
protons or by relativistic electrons [Masley, private communica-
tion]. The possibility of electrons can be eliminated, however,
by the increase seen by Pl. §Since P1 shows~; smooth increase
beginning at Q5h5 UT to its maximum, which is known to be caused
by protons penetrating its shielding, it is reasonable to assume
that the increase at 0545 UT was also due to penetrating protons.
Recall also that the solid state detectéf ié insensitive to elec-
trons of any energy. Thus, since P1 indicates that protons are
in the vicinlty of the spacecraft during this period, one can
conclude that both the polar cap absorption and the particles
observed by GlAV are protons.

Summarizing these conclusions, one gets the following
sequence of events. First, GlAV, which is sensitive to all pro-
tons with Ep > 0.83% MeV, sees an onset at 0215 UT. At that time,
Pl saw nothing above background so the proton energy was above
10 MeV. By about O4OO UT, the flux and/or the energy had in--
creased sufficiently to cause the starﬁ of the absorption event,
and by 0545 there are enough protons present with EP > 60 MeV
for P1 to detect. Then by 0833 UT, the energy and intensity

has increased to above the neutron monitor cutoffs and the flux
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is rising to the observed intensities of the main portion of the
event.:

The mechanism responsible for this small flux of energetic
protons preceding the main event is uncertain. Several explana-
tions suggest themselves. One is that these“particles cbserved
before 0830 UT represent a small leak in a temporary particle
storing mechaﬁism somewhere between the earth and the sun. A
second possible interpretation is that these protons were actually
released from the source flare on the sun before the main injec-
tion of energetic particles took place.

From Figure 7, it can be seen that there were significant
differences in counting rates between the four sectors of PI1,
starting at about 0000 UT on 29 January. These differences can-
not be explained in terms of a penetrating proton flux because
Pl loses its directional sensitivity when particles penetrate
its collimator sideways. The particles responsible then mus%
be low energy protons. Figure 8 shows the anisotropy parameters

for this period.

B. Particle Identity -at Mariner IV

To determine the type of particle observed by Mariner IV,

H

we use the averaged counting rates‘in Table IV. Note that the

counting rates of detectors B and C, which are parallel, differ
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by a factor of two, but those of detectors A and C, which look
generally sunward and antisunward, réspectively, are essentially
the same. The latter fact, when considered with the previously
mentioned neutron monitor data, would suggest that A and C are
counting penetrating protons (Ep > 50 Mev) . ihis would mean that
roughly half of detector B's counting rate is accounted for by
penetrating protons since its omnidirectional characteristics

ére identical to those of A and C. The difference between B and
C then is either due to a very soft flux of electrons (40 < Ee <
150 MeV) moving.away from the sun, or a flux of low energy protons
(0.5 < Ep < 3.1 MeV) moving away from the sun. Detector Dl’ which
is also parallel to B, is sensitive to the low energy protons, but
is insensitive to electrons of any energy. Its counting rate,
however, is about what one would expect from penetrating protons
alone [Krimigis and Van Allen, 1967]. Thus, the interpretation
given to fhe Mariner IV counting rates is as follows. All de%ec-
tors (4, B, C, Dl’ D2) are counting a large flux of penetrating
protons (the largest such flux observed by Mariner IV up to that
date). In addition, detector B is counting & large anisotropic

flux of low energy electrons.
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C. 28 January Flare Location

As stated before, the solar particle event of 28 January-
had no observed source flare on the visible face of the sun.
There was an importance 1- flare starting at OT43 UT, 28 January
at position 23°S, 19°E. Howevef, the magnit;ae of the particle
event precludes tﬁe possibility that this was the source. In
order to find out whidhdareas of the back side of the sun were
active at the time of the particle onset, all flares of importance
greater than 2- between 1 January and 24 February have been indi-
cated on Figure 21. The position of each flare has been extra-
polated back (or forward) to the position at the time of the onset.
As seen, there are three groupings of flare-producing regions on
the back side. These active areas have been designated areas A,
B, and C, where A is located 60° behind the west limb of the sun,
B is located 71° behind the east 1limb of the sun, and C is located
47° behind the east limb. As a point of interest, area A wag the
region which produced the 13 FPebruary flare discussed above. In
Figure 2, the regions of the interplanetary magnetic field con-
nected to these active areas have been indicated. The Archimedes
spirals have been calculated using solar wind velocities of from
350 to 450 km/sec. The high energy protons will be scattered

from these existing field lines by field irregularities [Parker,
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1965] but the areas indicated in the figure will have higher par-
ticle intensities than elsewhere. The electrons, however, have
been found by Lin, Kshler, and Roelof [1967] to be confined to a
greater extent than the high energy protons. That is, the dif-
fusion coefficient across the field lines is smaller for electrons
than for high energy protons. Thus, one would expect the high
energy protons to have a wider angular dispersion than the
electrons.

In Table IV, the average values of the detectors of Mari-
ner IV are presented with some simultaneous averages from Explorer
35 for comparison. The flux of penetrating protons observed by
Mariner IV was about 70% greater than that observed by Explorer 33,
as seen by comparing either detectors A or B with GLAV (the omni-
directional geometric factors for all three detectors are about
the sam’f-approximately 0.15 cmg). Although the omniﬁirectiqnal
geometric factors are not accurately known, the difference would
seem to indicate that Mariner IV was closer to the region mag-
netically connected to the flare.

P2 and P35 are also presented iq Table IV. Their counting
rates have previously been interpreted as being due to penetrat-

ing protons. A direct comparison between P2 and D, and P35 with

1
D2 is not possible due to the low efficiency of the solid state

detectors in counting penetrating protons, although their counting
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rates are not lnconsistent with the presence of comparable inteﬁ—
sities of high energy protons present at the position of both
spacecraft.

In the previous section, it was shown that a large flux of
anisotropic electrons with Ee 2 40 kev were‘éresent at the time of
the observations. The detectors on Explorer 33 show no comparable
flux of electrons. The sun(III) and anti-sun (I) sectors of Gl
show a small difference, but this must be attiibuted to solar x-rays
and not to electrons.

The fact that electrons observed at Mariner IV were highly
anisotropic would indicate that they had not been diffused to any
great extent. This, in turn, implies that Mariner IV is in or very
near to the magnetic "tube" connected directly to the flare position
on the sun. As seen in Figure 2, either area A or B fits this
reqpirement depending on the solar wind velocity preceding the event.
The solar sind velocity at the earth during this period was Qearer
to 350 km/sec than to 450 km/sec [A. Lazarus, private communication]
s0 area B is considered to be somewhat more probable. The high
energy proton data is consistent with this interpretation, although
it is inconclusive by itself. All of-this discussion, of course,
rests on the unsupported assumption that the flare indeed occurred

in one of the three active areas.
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D. The Diffusive Nature of the 28 January Event

The intensity-time profile of G1lAV (Figure 3) from 28 Jan-
uary to 1 February seems to have the shape characteristic of an
event propagated by a diffusive mechanism. The fact that this
event had no observed source flare, and thﬁs; must have been
caused by a flare on the back side of the sun, would al;o require
a diffusive propagation mechanism.

The diffusion model that will be used here is the one
proposed by Krimigis [1965]. This is an isotropic diffusion model

with a radially dependent diffusion coefficient of the form:
D=M rB .

The model then requires that the monoenergetic intensity as a

function of radius and time have the form:

I(r,t) =

Nv 1 (;)
kr(2 - ) P¥#P)/(2B) (g4 1)/(2 - p)1 M

2-B
% 1 exp |- E
L (1) /(2-6) B o g2

cHp
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where @ = 2 for this case, N is the number of particles injected
at t = 0, and v is the velocity of a particle of the given energy.
From this, it can be shown that a plot of In[I t(O%l)/(e‘B)] Vs

-1

t7" will give a family of straight lines corresponding to the

values of B. 8o to analyze the data by this model, one plots
in[1 £/ (B-B) ] yg ¢L

for various values of B, and determines which value of B gives
the best approximation of a straight line. Having determined B
in this manner, one gets the diffusion coefficient from the
relation

2
r

D= = ——
2-p)°m

where m is the slope of the line. From the intercept of the line

with the t = « axis, one gets N from the relation

2k

P ym(2 - B) (2018) / (2-8) Mi{a + 1)/(2 - 8)1 () (os+1)/(2-B)

N = e

vhere b is the intercept.

e
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In using this model to analyze the 28 January event, several
problems are encountered:

(1) The first is the lack of an observed time for the start
of the event. One can mgke a reasonable approximation by noting
that the high energy particles observed to arrive at the onset
(about 0830 UT) could not have been injected too much longer than
a half hour earlier. Thus, the injection tiﬁe will be taken to
be 0800 UT. Since the early portion of the intensity—time profile
is more strongly dependent on the injection time, only data three
hours after the presumed start of the event (namely, after 1100 UT)
will be used.

(2) The second major problem is due to the fact that the
detector being used, GlAV, is sensitive to lower energy protons
as well as the higher energies where this model is found to apply
best [Krimigis, 1965]. In the latter portion of the event, low
energy protons are beginning to reach the vicinity of Explor;r 33
and cause higher intensities than one would observe for the high
energy protons alone. For this reason, no data later than 15
hours after the presumed start of the_event will be used since,
by that time, the flux has softened to an extent great enough
to effect the results. It should be noted, however, that this

upper limit on the usable data of 15 hours may be too high since
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it cannot be stated with complete assurance just when the lower
energy particles began to arrive in significant numbers. The
value found for B, therefore, should be considered a lower limit.

(3) The third problem is what value of energy will best

approximate a monoenergetic flux for this event. Since it has

~ been established that the solid state detector was recording

particles with suffiéient energy to penetraté its sidewall shield-
ing (Ep > 60 MeV), we shall take 60 MeV as the equivalent mono-
energetic energy. It is noted, however, if this estimate.is low
by as much as 100 MeV, the value of N will be only a factor of
two lower than its true value.

Bearing these difficulties in mind, one sees that a plot
of 1n[I t3/(2_ﬁ)] vs t71 (Figure 22) shows that a value of B =0
best fits the observed intensity-time profile. By using the
slope aﬁd intercept of this line and the assumed energy of 60 MeV,
one finds the following values: ;

8.8 x :LOBLL

=
]

particles/steradian, and

20 cm2/sec.

o
it

9.8 x 10

From the diffusion coefficient, one can calculate a value for the

mean free path A\:
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A = %? = 0.019 AU

where v is the velocity of a particle of the given energy (60 MeV).

Baird et al. [1967] have analyzed the.data from the neutron
monitors by this diffusion model. There the data was found to fit
a value of B = 1.1 best, and yielded a value of the diffusion

1 cm?/sec. For an energy of ~ 450 MeV

coefficient D of about 7 X lO2
(about the cutoff energy of the Deep River neutron monitor)
this indicates a mean free path of ~ 0.061 AU.
The difference in B between the two result; is not unreason-
able. It was shown by Krimigis [1965] that for a given event, B
as a function of energy tended to increase rapidly from low values
at energies below ~ 50 MeV and then tended to flatten out at
higher energies to a constant value of about 1.0. These results
seem to agree favorably with energy dependence of B when one
recalls that the value of B = 0 is to be éonsidered a lower limit.
A comparison of the two values of the mean free path gives
some information about the scale size distribution of the inter-
planetary magnetic field irregularities. The value of A for
lower energies (A £ 0.02 AU for E, = 60 MéV) compared to that of
higher energies (A = 0.06 AU for EP Z 450 MeV) indicates that

there are relatively more irregularities of a size comparable



to the gyro-radius of a 60 MeV proton (~ 0.002 AU) than to the
gyro-radius of a 450 MeV proton (~ 0.006 AU) since the most

effective size scattering center is one comparable to the gyro-

' radius of the particle [Parker, 1964]. This result agrees with

the observations of Coleman [1966].

E. The Disturbed Period

(from 1 February through 7 February)

After the decay phase of the 28 January event ended at
about 0000 UT on 1 February, the form of the intensity-time pro-
files of the Explorer 33 detectors become quite coﬁplex. During
this disturbed period, the particle fluxes recorded by the solid
state detector and the Geiger tubes had essentially no correla-
tion with each other, as seen in Figure 3. It is recalled tha£
both detectors are sensitive to low energy protons~3p < 10 MeV{
while the Gelger tubes are also sensitive to protons with
EP > 10 MeV. We will assume, for the p&eéent, that electrons
meke significant contributions to the counting rates of
the Geiger tubes only for relatively short times and will be
ignored here. This indicates that the fluxes of the low energy
and the high energy protons are essentialiy independent. This
is interpreted to mean thai the interplanetary magnetic field

has modulated the original spectrum of the particles since this
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type 6f spectrum is typical only of the early portions of solar
particle events [Armstrong, Krimigis, and Van Allen, 1967]. Thus,
it can be sald that the particles present during this period were
not recently generated by a flare or combination of flares, but
had been semi-trapped in the interplanetary magnetic field for
some time. The complex intensity-time profile of this period
also supports this view. |

The only points of similarity between the intensity-time
profiles of the solid state detector and the Geliger tubesvwere
found to be the decreases listed in Table IV, the ﬁaximum at
1650 UT on 7 February. Since at that time, P3 and GlAV both
observed about the same flux (1725 and 181k (cm? sr. sec.)_l,
respectively), it can be said that there was only a small flux
of protons with EP > 1.9 MeV present.

During the disturbed period, the neutron monitors recorded
an enhanced daily variation. The maximum of this variation occur-
red at about 0000 UT every day for the neutron monitors shown in
Figure 10. Since thg period of enhanced daily variations begins
and ends at the same time as the disturbed period, as shown by
the Explorer 33 particle detectors, it can be concluded that the
magnetic configuration modulating the lower energy particles
fluxes are also modulating the glactic cosmic ray fluxés observed

by the neutron monitors.



et

]

If the decreases noted in Tablé III.mark the co-rotating
sector boundaries [Wilcox and Ness, 1965], it is easily shown
that the characteristic width of these sectors at the orbit of
the earth is about 5 X lO7 km. For a ﬁ gamma field, this corres-
ponds to a gyro-radius of a 60 BeV glactic c;smic ray proton.
This is seen to be well above the neutron monitor cutoffs shown
in Figure 10. Thus, it is clear that the field structures of
the disturbed period are easily large enough to cause a strong

modulation of the glactic cosmic ray flux as observed.

F. The Presence of Protons with Ep > 10 MeV

During the Disturbed Period

At 1909 UT on 2 February, G2 recorded a gradual increase
in counting rate. As seen in Figure 13, P35 does not show a cof—
responding increase. From this fact, and the fact that none of
the other solid state channels recorded an increase like that
observed by G2 (see Figure 6), it is seen that protons of
energy less than 10 MeV were not responsible for the increase.
Thus, the particles causing this increase in G2 were either
protons with EP > 10 MeV or electrons with E, > 45 kev.

In Figure 9, it is seen that there-is a polar cap absorp-

tion event starting at about 2100 UT on 2 February, which reaches
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a maximum of about 2.5 db by 0100 UT on 3 February. Assuming the
particles to be a monoenergetic flux of 10 Merproténs, we. find
that the observed difference in flux between P35 and G2 is sufficient
to cause an absorption of ~ 3 db [Adams and Masley, 1965]. Thus,
the particles responsible for the G2 increagé and the PCA are
probably protqns with EP > 10 MeV.

There are two possible sources of these high energy protons
that would give the observed type of onset: (A) semi-trapped pro-
tons that were emitted from a large flare up to sevéral days pre-
vious to the observation and were confined to a ™ube" of magnetic
field lines that connect directly to the flare position on the sun
or (B) prompt protons from a flare that had occurred within the
previous several hours.

Case A: The only large flare of importance greater than
1+ in the four days preceding this event was the 2+ flare occur-
ring at 0204 UT on 31 January (see Figure 3). This flare wa;
located at 28°N, 90°E.‘ At the onset of the event, solar rotation
would have brought this area to sbout 58°E. Assuming a solar
wind velocity between 300 and 500 km/sec., it is seen that the
field lines in the vicinity of the ea¥£h originate from 61° %
15°W on the sun. So semi-trapped particles are not responsible

for the increase recorded by G2.
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Case B: The only flares in the period immediately preceding
the event were sub-flares of importance l;f It seems very unlikely
that any of these could have caused an appreciable high energy pro-
ton event.

This leaves two possible interpretations: that a large
flare occurred during one of the periods of no flare patrol men-
tioned previously, or that the event was caﬁséd by a flare occurring
on the back side of the sun. From the availsble data, it is not

possible to say which of these was the case.

G. The Presence of Electrons

During the Disturbed Period

At 1542 UT on 4 February, GLAV observed an increase in
counting rate (Figure 14) from 28 to T4 counts/sec. This indicates
that the particles causing this increase were either protons with
EP > 0.83 MeV or electrons with Ee 2 50 keV. The onset observed
by GlAV occurred at the minimum intensity of a dip in the counting
rate reported by P3. Before the onset of this event, P3 was indi-
cating a larger flux of low energy protons than was observed later.
In Figure 6, it is seen that the intensity-time profile of Pl and
P2 are similar in form to that of P53 for fhis period. The drop in
counting rates of all of the solid state detector channels after

the dip indicates that the population of protons with 0.31 < EP s
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10 MeV has decreased in the viecinity of Explorer 33. Thus, it is
seen that the particles causing the onset of GlAV were either pro-

tons of EP > 10 MeV or electrons with Ee > 50 keV.

In Figure 9, it is seen that there was no increase in PCA
that can be correlated with the particle onsét. The increase in
flux observed:would give an absorption of ~ 2 db, assuming the
particles were a monoenergetic beam of protons with EP = 10 MeV.
Thus, it can be concluded that the particles observed by GlAV and
the other Geiger tubes were electrons with E, > L5 kev.

The intensity-time profile of this eveﬁt (Figure 15) is
very similar to the delayed electron event observed by ILin and
Anderson [1967] for the 29 August 1966 event, in that it has both
a fast onset and a sharp decrease. This profile is very atypical
of prompt electron events, which have a more gradual decrease.
The profile of P3 also indicates that this was not a prompt elec-
tron event. The coincidence of the arrival of prompt electréns

and the arrival of an intensity dip being propagated with low

energy protons at a much lower velocity than that of the elec-
trons, would seem very unlikely.

On the basis of the foregoing, it it concluded that the
electrons observed in this event were trapped in a region of the

interplanetary magnetic field whose two boundaries are marked by

the dip in the low energy proton intensity and the onset of the
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electrons, and by the sudden decrease noted in all detectors at
0215 UT on 5 February. The width of this region as measured along
the orbit of the earth was about 1.5 X lO7 km.

The only large flare for a few days preceding this event
was the importance 2- flare observed at 0257“UT on 3 February at
11°N, 58°E. By the time of the onset solar rotation would have
carried the flare only to 37°E. Since the field lines in the
vicinity of the earth are connected to the sun at about 61° + 15°W,
it is seen that this flare was not responsible for the event.

Iin and Anderson [1967] have reported that flares with importance
as small as l—‘havg been observed to produce electrons so pre-
sumably one of these could have injected the electrons into the
trapping region. In view of the number of sub-flares during

this period, a search for the particular flare responsible for

this event would prove hopeless, and will not be attempted.

H. The 135 February Event

At 1749 UT on 13 February, an importance 3 flare accompanied
by a large x-ray event caused a particle increase beginning at
1841 UT (see Figure 16). At about O4LO UT on 14 February, the
event was obscured as Explorer entered thé magnetosphere. Upon

emerging, the large anisotropy noted by Pl indicates a large flux

3L



|
o

35

of low energy protons flowing outward from the sun as seen in Fig-
ure 16. The flux at 1550 UT, 15 February for GlAV and‘PB, respec-
tively are 193.2 and 311.1 (cm2 sr. sec.)“l. Since P3 and GlAV -
have the samevthreshold energy, one would expect that the latter
would always measure the greater flux of thentwo detectors if it
is a valid approximation of a spin-averaged detector. To check
this, one examines the proton flux for anisgtropies in sector

IIT of P1. In Figure 7, we see that sectors II and IIT of P1
have elevated intensities at this time compared to sectors I and
IV. Thus, a large portion of the flux of protons is incident on
Gl in sector III, which is excluded in the calculation of GlAV.
This means that GlAV is counting at a rate which is considerably
lower than true omnidirectional detector would give.

At about 0000 UT on 16 February, a Forbush decrease occurred
as seen in Figure 10. Tt has been suggested by other workers [Rao,
McCracken, and Bukata, 1967] that there is a period with a b;-
directional anisotropy following the decreasing phase of the
Forbush decrease. That is, an anisotropy with two maxima in the
angular distribution aligned parallel and antiparallel to the
interplanetary magnetic field. Assuming that the magnetic field
was approximately at the prevailing garden hose angle, the two

peaks should appear in sectors I and III of P1 (see the spin
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vector in Figure 1). A search of the separate sectors of P1 (Fig-
ure 7) reveals no such period between 0000 UT, 16 February and
0000 UT, 24 February. In fact, whenever any anisotropy is present
at all, sector I invariably had the lowest counting rate. Assum-

ing the anisotropy had the form
PL(6) = A[1 + C cos(® + &)1

as before, the values of § and C are presented in Figure 20 for

the period around the Forbush decrease.

I. The Counting Rate Increase of 15-16 February

At 2342 UT on 15 February, all detectors showed an increase
of what is interpreted to be a flux of low energy protons. Only
small suvb-flares of importance 1 or 1- had occurred for the pre-
vious two days so these are not particles from a flare just -
arriving at the earth (see Figure 16). The last large flare was
the one discussed above that occurred on 13 February at 10°W
longitude. At 0000 UT on 16 February, the region which produced
this flare had been rotated to about HO°WT If we assume that
the interplanetary magnetic field lines in the vicinity of the

earth originate at this position, then we obtain plasma velocities



of 700 * 50 km/sec. corresponding to the observed increase. This
is somewhat higher than the usually observed values of 350-450
km/sec., but is not unreasonable. At 0848 UT on 16 February, all
detectors show a sharp decrease in particle fluxes.

At the beginning and end of the perioé-of enhanced inten-
sities shown in the figure, two sudden commencements we?e noted
on the earth. A somewhat similar case of sudden commencements
occurring on both ends of a sharp spike of particle intensity

was noted by Lin and Anderson [1967] in the 29 August 1966 event.

J. Low Energy Proton Spectrum

Using the nested energy ranges of P1l, P2, and P3 (Table I)
one can make some statements about the differential energy spec-
trum of the low energy protons. The ratio of any two of the
channels has two corresponding spectral slopes, one rising with
energy and the other falling. Using all three ratios, ideally
one should be able to select one or the other. However, in the
case of the rising spectrum, the knowledge of the exact value of
the upper limit of the energy range becomes critical. Since this
limit is not known with accuracy, the interpretation of a rising

spectrum is unclear [Armstrong, Krimigis, and Van Allen, 1967].
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Plotted in Figure 23 are P1l, the three ratios, and the
spectral parameter EO for a falling differential spectrum of the

form:

-2
a5
dE = EO ?

the values plotted are one hour averages taken every quarter day.
As seen, the agreement of the Eo's derived from the different
ratios are at times poor and at times the ratios cgnnot be fitted
to the model spectrum at all.

From 0800 UT, 28 January until about 0800 UT, 29 January, it
is known that there are penetrating protons present so that the
ratios are not a valid measure of the low energy proton spectrum.
From 0200 until 1200 UT on 29 January, the low energy proton
sPectral‘slopé is interpreted to be rising with energy. This
interpretation is based on the relatije’shapes of the counting
rate contours of the Geiger tubes and the solid state channelé
(Figure 3) . The Geiger tubes show an intensity generally de-
creasing in time, while the solid state detector shows the
intensity increasing until about 1200 UT, 29 January. Thus, the

slope is becoming less and less rising until at 1200 UT it begins



o
f
1
3

e

to fall. From 1200 UT, 29 January to 0000 UT, 1 February, the
ratios are valid and generally constant indicating an Eo of about
470 kev.

After the magnetospheric passage on 1-2 February, the
ratios again become generally éonstant indic;ting an EO of about
500 keV. On 7 February, there is a decrease in all ratios until
about 0600 UT, 8 February the E_ is sbout 250 keV. The spectral
parameter remains low for the period 8 to 11 February with a
value of about 350 keV. From 11 February to about 1800 UT, 13
February, the counting rates are too low for the ratios to be
reliable.

At about 1800 UT, 13 February, just before the second
magnetospheric passage, the spectrum agaln evidently becomes &

rising one for reasons similar to those outlined about. After

"the magnetospheric passage, the spectral parameter 1s reasonably

constant with a value of about LOO keV. The ratios become
statistically unreliable after 21 February.

Summarizing the spectral information, the low energy pro-
ton spectrum divides the period of interest up into four main
parts?

(1) 1200 UT, 29 January to 0000 UT, 1 February; decay of

intensity from 28 January flare; E, ~ 500 keV.
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(2) 0000 UT, 4 February to 0000 UT, 7 February; disturbed
period; B, ~ 70 kev.

(3) 0000 UT, 8 February to 0000 UT, 11 February; decay
from disturbed period; Eo ~ 350 keV.

(+) 1800 UT, 13 February to 0000 UT, 21 February; decay

from 13 February flare; E ~ 400 kevV.

K. Alpha Particles and the Proton
to Alpha Particle Ratio

In Figure 6, the counting rate of the alpha particle
channel (P4) of the solid state detector is shown‘in comparison
to the three other channels of that detector. - The inﬁensity—time
profile of the proton channels are very similar to that of the
alpha particle channel, suggesting that the ratio of protons ﬁo
alpha particles is relatively constant, even over variations in
intensity of several orders of magnitude.

The relative number of pfotons to alpha particles can be
inferred from the ratio of channels P2 to P4. The pass bands of
the two channels are very similar when expressed in energy per
nucleon, where P2 is 0.50 < E, = 4.0 MeV/nucleon and Pk is
0.52 < E, < 4.2 MeV/nucleon. This difference is small and will

be ignored for this discussion. The validity of this ratio is
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dependent on whether alpha particles are making a significant
contribution to the counting rate of P2, and whether alpha par-
ticles are the only constituent of the counting rate of P4. The
only significant source of spurious counts ip Pt that needs to
be considered here is that of penetrating protons [Armstrong,
Krimigis, and Van Allen, 1967; Krimigis and Van Allen, 1967].
Penetrating protons are known to be presentvfrom 0800 UT, 28 Jan-
uary, but are not known to be present in significant numbers at
other times.

If one assumes that the spectral parameter EO for the
alpha particleé is the same as for protons when expressed in
MeV/nucleon [Armstrong, Krimigis, and Van Allen, 1967] then it
is easily demonstrated that for the spécﬁra and the counting
rates observed during the period of interest, the maximum con-
tribution that alpha particles could make to the counting rate
of P2 is 5%. Thus, P2/PL can be considered a reasonably valid
ratio of the abundance of protons to alpha particles except for
the period 0800 UT, 28 January to 0800 UT, 29 January when pene-
trating protons are present.

' This ratio is presented in Figure 19 (3-hour averages)
with the counting rate of P2. Between 29 January and 5 February
the ratio shows a slow but steady decline from 60 to 30. The

stability of this ratio is surprising is view of the wide range



of intensities and in comparison with the variations in the proton

to alpha particle ratio reported by other workers [Armstrong,

Krimigis, and Van Allen, 1967]. From 6 to 9 February there is an

increase in the ratio indicating the presence of relatively more

protons as one approaches the time of the low energy proton peak
on 7 February, previously mentioned. From 11 February through
13 February, the ratio is statistically unreliable.

Just before entering the magnetosphere, the ratio jumps to
a peak of almost 200 indicating that there was a large excess of
protons immediately after the onset of the flare. _After the

magnetospheric passage, the ratio remains on a fairly constant

plateau of 60 to 70 until the rt becomes statistically unreliable
5 after 20 February.

The one major deviation from this plateau is noted on
16 February just as the "core" of the 13 February flare sweeps
past the earth. The half hour averages of the ratio and other
R data have been plotted in Figure 20. The graphs of P2 and Pk
clearly show that it was an excess of protons in the first part
of the core rather than a lack of alpha particles that caused

the spike in the ratio. In the second half of the core, the

ratio was gbout the same as the following plateau. This is the

first reported observation of such a variation in the proton to

alpha particle ratio.
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During the passage of the core there were significant but
generally weak anisotropies in the low energy proton flux. As
seen from the figure, there is a period of anisotropy generally
from the north, which begins about two hours before the core
arrives and ends about two hours before it passes. Withouﬁ
magnetometer data, it is unclear what interpretation to give this.
It is interesting to note, however, that ghé profon to alpha
spike it almost exactly centered in this region.

Several possible explanabions for this phenomenon suggest
themselves. If there is no diffusion across the magnetic field
then this might be a "map" of the proton to alpha particle ratio
on the sun, alloWing for the iﬁtertwining of the field lines.

If one postulates a diffusive process and assumes a constant pro-
ton to alpha particle ratio at the sun then the observed spike is
evidentiy due to a difference in the diffusion constant of the
alpha particles and protons for different tubes of magnetic field.
Since an alpha particle has twice the rigidity of a proton of the
same energy per nucleon, a rigidity dependent scattering mechanism
would seem to be indicated. If this ;s the case then this ratio
would be a significant probe of the interplanetary field irreg-
ularities. Midway between these two cases i1s a combination,

that is, diffusion near the sun but none further out. One way

43



|

3
i
:
3

Ll

of deciding between these possibilities would be to make observa-
tions of this phenomenon simultaneously at several radial distances.

The complete explanation of this effect awaits further study.
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IV. SUMMARY OF RESULTS

(1) Préceding the main onset of the 28 January event at
0833 UT, there was a small flux of high energy protons (Ep > 10
MeV) beginning at 0215 UT vhose spectrum gradually hardened wntil
the solid state detector observed them as penetrating protons
(Ep > 60 MeV) at 0545 UT.

(2) Mariner IV, located 82° west of the earth-sun line,
25.85 x 107 km from the sun, during the period of available data
from 1642 to 2010 UT on 28 January observéd large fluxes of highly
anisotropic electrons (Ee > 4O keV) and penetrating protons (EP > 55
MeV). This proton flux was larger than that observed by Qomparable
detectors on Explorer 33. No electrons were obser?ed at Explorer 33.

(3) It was observed that the 28 January event had no
source flare on the visible face of the sun. At that time there
were three active areas on the back side of the sun. If the flare
is assumed to have come from one of these areas, it was found by
comparison of the particle fluxes observed by Mariner 1& and
Explorer 33 that the most probable of the three was located T1°
behind the east limb of the sun.

(4) It was found that the first portion of the 28 January

event consisting of protons with EP > 60 MeV could adequately



described by an isotroplc diffusion model {Krimigis, 1965]. From
the diffusion constant found by use of this model, a valué of the
mean free path A was calculated to be approximately 0.019 AU. A
comparison of this with the results of a similar analysis of the
neutron monitor increase by Baird et al. [1967] indicated that
there were relatively more interplanetary magnetic field irreg-
ularities with a scale size of ~ 0.002 AU than with a scale size
of ~ 0.006 AU.

(5) The disturbed period from 1 February through 7 February
was founa to be populated with particles whose energy sPeétrum had
been strongly modulated by the interplanetary magnetic field.
Sudden decreases in the counting rates of all detectors indicated
at least four possible sector boundaries. The scale size of these
regions, best indicated by the strong variations in the low energy
proton population, was found to be sufficient to produce the en-
hanced daily variations observed in the neutron monitor durihg
this period.

(6) At 1090 UT on 2 February the onset of a flux of high
energy protons (EP > 10 MeV) was observed. No adequate source
flare for this event could be located: It was concluded that
either a large flare had occurred during an earlier‘period of
no flare patrol, or that the source flare was located on the back

side of the sun.



i

3
9
3

(7) From 1545 UT on 4 February to 0215 on 5 February, a
flux of electrons contained in a magnetic field configuration

1.5 X lO7 km wide at the earth's orbit was observed. The source

of thése electrons could not be determined.

(8) At 1841 on 13 February, the onset of a particle event
caused by an importance 3 flare at 1T49 UT was observed. By 2342
UT, 15 February when a period of increased particle intensity
started, the region producing this flare had been moved to 4O°W
by the rotation of the sun. This would indicate’a’solar wind
velocity of 700 + 50 km/sec., which is higher than the usually
observed 5501t5 450 km/sec. but is not considered unreasonable.

(9) Using the solid state detector, a value can be ob-

tained for the spectral parameter EO of a falling exponential
differential‘spectrum for the low energy protons. During the

period under study, it was found that the period when Eo was

valid could be divided into four sections:

(a) 1200 UT, 29 January to 0000, 1 February; decay

Nemsnren

of intensity from 28 January flare; E_ ~ 500 keV.

i

(v) 0000 UT, 4 February to 0000 UT, 7 February;
disturbed period; B ~ 470 kev.

(e) 0000 UT, 8 February to 0000 UT, 11 February;

decay from disturbed period; EO ~ 350 keV.
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(a) 1800 UT, 13 February to 0000 UT, 21 February;
decay from 13 February flare; E ~ 400 kev.

(10) The proton to alpha particle for particle of the same
energy per nucleon (from 0.5 to 4.0 MeV/mucleon) was found to be
remarkably constant considering the variatio;s in intensities ob-
served. The one interesting deviation from this is summarized
belows.

. (11) During the period of increased particle intensities
from 2342 UT on 15 February to 0848 UT on 16 February there were
two maxima in both proton and alpha particle intensities. During
the first peak relative excess of protons was noted in comparison

to the second peak and the period following O8L8 UT. The value

of the proton to alpha particle ratio for the two peaks are ~ 165

and ~ 60, respectively. This is the first reported observation

of such a variation in this ratio.
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TABLE IIT

Sudden Decreases

1 February to 9 February

GlAV Pl

Decrease " Decrease
Date Time Time
5 February 0257 0251
6 February 1329 1353
8 February 1240 1306
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TABLE IV

~Counting Rate Averages of Explorer 33
and Mariner IV for 1642 to 2010 UT, 28 January

Mariner IV

Explorer 33
Gl (Sector I) = 560
Gl (Sector III) = 676
GLAV = 578
P, = 1

counts/sec
counts/sec
counts/sec
counts/sec

counts/sec

11

895
1,611
820
Ly

15

counts/sec
counts/sec
counts/sec
counts/sec

counts/sec
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Figure 1

25

The eliptic plane projection of the Explorer 33 orbit
in solar ecliptic coordinates. The projection of the
spin vector has been included at intervals. The spin

vector is inclined about 5° north of the ecliptic plane.
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Figure 2

A portion of the Mariner v trajectory from December
1966 to March 1967. The coordinate system holds the
earth~-sun line fixed. The three back side active
regions and their "garden hose regions™ are indicated
(see text).
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Figure 5

A summary of the Explorer 33 observations. The one-
hour averages of P3 and GlAV are presented. Note that
these detectors have the same threshold for protons

(Ep = 0.83 MeV). Some solar-geophysical data have been
included. The crosshatched regions are magnetospheric

passages from shock to shock.
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Figure k4

GlAV, G2, and G3> one-hour averages. The crosshatched
regions are magnetospheric passages from shock to
shock.
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Figure 5

Full detail plot of the 28 January onsets for GLAV.
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Figure 6

65

One-hour averages of the four solid state detector
charmels. P4 counts alpha particles only. The cross-

hatched regions are magnetospheric from shock to shock.
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Figure 7

One-hour averages of the sectors of Pl. The cross-
hatched regions are magentospheric passages from
shock to shock.
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Figure 8

Quarter-hour averages of the anisotropy parameters §
and C, where the anisotropy is assumed to be of the
form P1(8) = A[1 + C cos(® + S)]. The angles 6 = 0°,
90°, 180°, and 270° correspond to the directions anti-
suh, ecliptic north and sunward, and ecliptic south,

respectively.
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Figure 9

The polar cap absorption (PCA) recorded by the Douglas
30 mc. riometer at McMurdo, Antartica [Masley and

Goedeke, 1967]. The values of GlAV shown are one-hour
averages. The crosshatched period is a magnetospheric

passage of Explorer 33.
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Figure 10

Neutron monitor one-hour sums.

for reference.

GlAV has been included
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Figure 11

5

Five-minute averages for the Deep River neutron monitor

increase of 28-29 January.
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Figure 12

Mariner IV data for 1642 UT to 2010 UT, 28 January.
Some Explorer 33 data (GlAV, P2, and P3) have been

included for comparison.
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Figure 13

The electron event of 2-3 February. Note the sudden

decrease in both detectors.

The data are half-hour

averages. The three flares indicated are of impor-

tance 1-.
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Figure 1k

Full detail data of the onset of the 4 February elec-
tron event. Note the dip in P3 that coincides with
the onset of G2 and GlAV.
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Figure 15

Half-hour averages of the 4-5 February electron event.
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! Figure 16  Full detall of the 13 February onset of G1X and GlAV.
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Figure 17

Half-hour averages of the anisotropy parameters where

§ and C are defined in Figure 7.
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Figure 18

89

Full detail of the 16 February increase for G1X and GlAV.
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Figure 19

91

The three-hour averages of the proton to alpha particle
ratio for 0.5 < E/nucleon < L.0 MeV/nucleon. P2 is in-

cluded for reference.
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Figure 20

Half-hour averages of the proton to alpha particle
ratio peak in the 16 February increase. P2, P4, and

the anisotropy parameters § and C are included.
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Figure 21

95

Active regions of the sun. This figure was compiled by
extrapolaring the position of all flares from 1 January
to 28 February of importance greater than 2- back (or

forward) to their position on 28 January.
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Figure 22 Malysis of the 28 January event using the diffusion
" : model of Krimigis [1965]. The detector used is GLAV.
. Only data from 1100 to 2300 UT have been used.
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Figure 23

99

The three rabtlos of the solid detector proton channels

and the spectral paramebter EO of a falling exponential
differential spectrum (see text). Pl is included for

reference.
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